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( 57) Abstract: 

PURPOSE: To continuously measure 
ultramicro mercury in high 
sensitivity and high precision by 
adding NADPH and a mercapto 
compound to a sample solution 
containing a trace amount of 
mercury, bringing the mixture into 
contact with an immobilized 
mercury ion reducing enzyme and 
measuring reduced amount etc., of 
NADPH, etc. 

CONSTITUTION: A fixed mercury ion 
reducing enzyme obtained by 
immobilizing a mercury ion 



reducing enzyme on a porous glass by diazo bond is packed into 
an enzyme column 4 and 500mM tris buffer solution (pH 7,5) 
containing NADPH and a mercapto confound is fed thereto by a 
pump 9 and a sample solution 1 containing a trace amount of 
mercury is mixed with a pure water 2 by a valve 8 and passed 
through an enzyme column 4 and bivalent mercury ion in the 
solution is reduced to a metallic mercury and simultaneously 
a reaction for oxidizing equimolar amount of NADPH to NADP + 
proceeds continuously and concentration change of the 
component after passing through the colxamn is measured by 
measuring fluorescence 7 obtained by irradiating with 
excitation light. Thereby mercury ion concentration in the 
sample liquid 1 is continuously determined. 
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CLAIMS 



(Claim(s)] 

(Claim 1] By adding NADPH and a mercapto compound in the sample 
solution containing the mercury of a minute amount, and making 
a fixed mercury ion reductase contact While returning the 
divalent mercury ion in this solution (Hg2+) to metal mercury 
(HgO) It is NADPH of this and an equimolecular amount NADP+ The 
decrement or NADP+ of NADPH By measuring augend [ in / the 
reaction which oxidizes is advanced continuously and / the 
solution after column passage ] The continuous measurement 
approach of the minute amount mercury characterized by carrying 
out the quantum of the mercury ion concentration in a sample 
solution continuously, 

[Claim 2] The continuous measurement approach of the minute 
amount mercury according to claim 1 at the time of making a 
mercury ion reductase and a catalase live in the 



above-mentioned immobilized enzyme together, and making it 
amplify the above-mentioned reaction. 



DETAILED DESCRIPTION 



(Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the 
continuous measurement approach of the minute amount mercury 
which can carry out the quantum of the mercury of a minute amount 
continuously. 

[0002] 

[Description of the Prior Art] Although some approaches have 
been used for measurement of mercury from before, the dithizone 
method {colorimetric method) and atomic absorption method 
which are generally specified by Japanese Industrial Standards 

(JIS KOlOl and K0102) are used widely. A dithizone method 
extracts the complex of the water-insolxible nature formed of 
the reaction of mercury and a dithizone with an organic solvent, 
and is an extract. The absorbance of 490nm is measured and 
analyzed. On the other hand, add a stannous chloride to the 
sample solution containing mercury ion under acidity, return 
mercury ion, the metal mercury generated by carrying out 
aeration of this solution is made to evaporate, and an atomic 
absorption method is 253 , 7nm. Atomic absorption is measured and 
analyzed. 

[0003] Since the above-mentioned approach had many points of 
excelling other approaches synthetically, it had been used 
widely, but since the following troubles were left behind, the 
improvement was desired. Probably, since a dithizone method has 
comparatively many initial complements of an upper sample with 
complicated actuation, it is not suitable for a continuous 
system. Moreover, as compared with an atomic absorption method, 
sensibility is low, and since there are comparatively many 
active jamming components, such as silver and copper, and it 



is moreover easy to produce an error, as an approach of 
measuring the mercury of a minute amount, it is not desirable- 
Furthermore/ in order to use harmful chemicals, such as 
chloroform and hydroxylamine hydrochloride, risk follows. On 
the other hand, since atomic absorption method is based on the 
batch type actuation which needs comparatively a lot of samples, 
it is not suitable for a continuous system. Moreover, it is 
raised that risk follows etc. in order to use harmful chemicals, 
such as tin chloride. 

[0004] Moreover, although the automatic measure using 
continuous measurement, an automatic sampler, etc* of mercury 
is also tried, in order to use gaseous flow for [Morita, H.et 
al.(1990) Analytical Science 6, 91 - Ping, L.et al.(1990) 
Anal.Chem. 62, 85~], and system of measurement, there was a 
trouble that equipment will become large-scale. 
[0005] In many countries, current uses mercury for various 
applications, such as agricultural chemicals, and the mercury 
pollution resulting from these has affected each country with 
every [ ultralow volume ] through water, atmospheric air, crops, 
etc. In storm sewage In 0.0002 ppm and seawater It is said that 
about 0.0003 ppm mercury is contained. Since the regulation 
value in the case of waste water emission was set as 0.005 ppm 
in our country, when it was mercury of the concentration of 
regulation value extent, it could measure also by the 
above-mentioned conventional approach, but in order to use as 
a monitor of mercury concentration, it was not able to be said 
from the point of sensibility or operability that it was enough. 
Then, establishment of the approach of measuring even the 
mercury of ultralow volume with sufficient sensibility 
continuously was called for. 
[0006] 

[Problem (s) to be Solved by the Invention] This invention 
solves the trouble of the above-mentioned conventional 
technique, and aims at offering the continuous measurement 
approach of the minute amount mercury which can measure even 
the mercury of ultralow volume with sufficient sensibility 



continuously. 
[0007] 

[Means for Solving the Problem] In order that this invention 
person etc- may attain the above-mentioned purpose, as a result 
of inquiring wholeheartedly, specified quantity addition of 
NADPH and the mercapto compound is carried out at the sample 
solution containing the mercury of a minute amount. The 
decrement or NADP+ of NADPH [ make the mercury ion reductase 
which fixed this solution in porous support contact 
continuously, and ] in the solution after contact By measuring 
augend It was able to find out that the quantum of the mercury 
ion concentration in a sample solution could be carried out 
continuously, and this approach was able to be invented. 
[0008] Namely, the support of the porosity in which this 
invention fixed the mercury ion reductase. For example, a 
column is filled up with what fixed the mercury ion reductase 
by diazo association in porous glass with high reinforcement. 
By letting the solution which carried out specified quantity 
addition of NADPH (nicotinamide adenine dinucleotide 
phosphate) and the mercapto compound pass in the sample 
solution which contains the mercury of a minute amount in this 
column While returning the divalent mercury ion in this 
solution (Hg2+) to metal mercury (HgO) by the catalysis of a 
mercury ion reductase It is NADPH of this and an equimolecular 
amount NADP+ The decrement or NADP+ of NADPH By measuring augend 
[ in / the reaction which oxidizes is advanced continuously and 
/ the solution after column passage ] The continuous 
measurement approach of the minute amount mercury 
characterized by carrying out the quantum of the mercury ion 
concentration in a sample solution continuously is offered. 
[0009] Moreover, in this invention, sensitometry can be further 
raised by fixing a catalase with a mercury ion reductase in the 
support of the above-mentioned porosity, 

[0010] The substrate of the mercury ion reductase used by this 
invention is not free water complex ion independent [ in a 
solution ], and since it is the mercaptide, it has added the 



mercapto compound in the sample solution in this invention. 
Moreover, the case where cysteamine is used for the activity 
of this enzyme by this invention person's etc, experiment was 
the highest, and it was checked that a cysteine ranks second 
to this. In addition, the approach of screening the fungus body 
in which a mercury ion reductase exists is described by 
Appl. Environ. Microbial. 54, and [2871-2873] (1988). 
[0011] Although the decrement of NADPH in this invention can 
be analyzed by measuring the fluorescence (excitation 
wavelength 340nm, luminescence wavelength 470nm) which NADPH 
shows, even if it uses other suitable approaches, it is 
satisfactory in any way. Moreover, what is necessary is just 
to perform known pretreatment to a sample solution, in 
measuring organomercury by this invention method. 
[0012] 

[Function] By letting it pass in the colximn which filled up with 
this invention tlie support of the porosity which made the sample 
solution containing the mercury of a minute amount fix a mercury 
ion reductase for the solution which added NADPH and a mercapto 
compound, this solution and a mercury ion reductase are 
contacted continuously, and the reaction which shows ** 1 is 
advanced. NADPH of the mercury ion and equimolecular amount 
which the divalent mercury ion (Hg2+) contained in the sample 
solution was returned to metal mercury (HgO) by the catalysis 
of a mercury ion reductase, and were returned to it and 
coincidence at this reaction is NADP+, It oxidizes. Therefore, 
the decrement or NADP+ of NADPH The quantum of the mercury ion 
content can be carried out by measuring augend. 
[Formula 1] 

ri g'^^+N A DP II ^Hg" + NADP^ + ir 

(M R : 7KSS^^>iS5c»-^) 

[0013] Moreover, in this invention, sensitometry improves 
further by fixing a catalase with a mercury ion reductase in 
the support of the above-mentioned porosity. This is because 



the cycling system of reaction by which divalent mercury ion 
(Hg2 + ) is returned to metal mercury (HgO) by the catalyst of 
a mercury ion reductase, the regenerative reaction which 
oxidizes again by the catalysis of the catalase which the 
generated metal mercury made live together, and is returned to 
divalent mercury ion occurs, and oxidation and reduction of 
mercury ion are repeated is established. In this cycling system 
of reaction, NADPH of the mercury ion contained in a sample 
solution in 1 cycle and this molar quantity decreases, and it 
is NADP+ of this molar quantity. It is generated. Therefore, 
it sets for this cycling reaction and they are the decrement 
of NADPH per unit time amount, and NADP+. If augend is fixed 
and this is seen with time amount progress, NADPH will decrease 
linearly, and it is NADP+. A reaction which increases linearly 
occurs in an enzyme column. Therefore, the decrement or NADP+ 
of NADPH per unit time amount Augend can become larger than the 
case where a catalase does not exist, and can improve 
[ sensibility ] mercury more the quantum. 

[0014] It is a thing of making it an^lify by the above-mentioned 
cycling reaction being homogeneous as the enzyme-cycling 
method [Lowry, O, H.et .al . (1961 ) J-Biol.Chem. 236, and 2761-] 
for using an enzyme which is a high sensitivity measuring method, 
preparing the reversion system of Matter A other than the system 
of reaction of the matter A which should be measured, and making 
it participate in a repeat reaction. 

[0015] Hereafter, an example explains this invention in more 
detail. However, the range of this invention is not restricted 
by the following examples. 
[0016] 

[Example] One example of the measuring method of the minute 
amount mercury of this invention is explained using drawing 1 
drawing 2 . In this example, continuous measurement of 
minute amount mercury was performed using the flow system shown 
in drawing 1 . In addition, the enzyme column 4 in the 
above-mentioned flow system was produced as follows, mercury 
ion reductase 6.0nmole (0.35mg) — 85mg porous glass (pole 



diameter 1600A — ) Particle size 0,3 - 0.5 mm and 
specific-surface-area [ of about 50m ] 2 / United States 
patent To 3, 843, 341 Diazo association [Mason, R.D.et al,(1972) 
Biotechnol,and Bioeng.l4, and 637 -] It fixes, this immobilized 
enzyme — 85mg porous glass — or — The porous glass of the 
tales doses which fixed the 7,2mg catalase by diazo association 
like the above was mixed, and the column with a bore [ of 3mm ] 
and a die length of 50mm was filled up, and it produced. 
[0017] 20microM First, NADPH is included. About the 500mM 
tris-sulf uric-acid buffer solution 3 (pH 7.5), it is by the pump 
9. It is by the pump 9 about 4mM cysteamine water solution 
{sample solution 1) which contains the mercuric chloride 
(HgC12) of various concentration by 0.2 ml/min in a sink, this 
passage, and the joining passage. It passed for 2-3 minutes 
by 0.8 ml/min. Concentration adjustment of the sample solution 
1 was performed by slushing pure water 2 into the passage of 
the sample solution 1 by the bulb 8 at that time. The mixed 
solution which was able to join and do each passage passes 
through the inside of an enzyme column 4, and reaches a flow 
cell 5. The excitation light 6 was irradiated in the place where 
this solution reached the flow cell 5, and the Ixaminous 
intensity of the fluorescence 7 (excitation wavelength nm 
[ 340 ], fluorescence wavelength 470nm) which NADPH contained 
in this solution shows was measured by Shimazu 
spectrophotofluorometer RF-5000. 

[0018] When the decrement of NADPH was calculated from the 
fluorescence liaminous intensity measured as mentioned above, 
relation as shown in drawing 2 between the decrement of NADPH 
concentration and the mercuric chloride concentration in a 
sample solution was obtained. When it fixed independently, 
without adding a catalase to a mercury ion reductase so that 
drawing 2 may also show, mercuric chloride and NADPH had reacted 
by about 1:1 mole ratio, but when a catalase was added and fixed 
in a mercury ion reductase (the enzyme cycling method), the 
amount to which NADPH reacts increased and sensibility improved - 
Moreover, in the describing [ above ] enzyme cycling method in 



which the catalase was made to exist, it was checked by lowering 
the rate of flow of a sample and a NADPH solution that 
sensibility improves further • 

[0019] In addition, at this example, it is a mercury ion 
reductase. Orange A Matrex gel (product made from Amicon) was 
used, and what refined this by the affinity chromatography 
method [Fox, B . et al . (1982) J.Biol .Chem. 257, No. 5, and 2498-] 
was used. Moreover, the thing (beef liver origin) by Tokyo 
Chemicals was used for the catalase. 
[0020] 

[The example 1 of a comparison] mercuric chloride 0, 0.1, 0.2, 
0.5, and 0.7 — and — The solution of which l.OmicroM content 
is done was prepared, and it measured by the atomic absorption 
method which is a Prior art, and the enzyme cycling method of 
this invention. In addition, about an atomic absorption method, 
it is the above-mentioned solution. Every 0,5ml It takes to a 
200ml Erlenmeyer flask, and is Japanese Industrial Standards. 
(JIS K0102) By the specified approach, pretreatment and 
measurement were performed and it measured like the 
above-mentioned example about the enzyme cycling method. 
Consequently, as shown in drawing 3 , among both measured value, 
there is almost no difference and the quantum was improved by 
precision. 
[0021] 

[Effect of the Invention] When the minimum limit of detection 
of mercury ion concentration does not make a catalase exist by 
development of this invention By the case where 0.2 - 0.3microM 
(40 - eOppb Hg) and a catalase are made to exist, it is . The 
super-minute amount continuous analysis below 0,lmicroM {20ppb 
Hg) became possible. Moreover, since this invention method can 
be measured like the conventional approach, without using 
harmful matter, such as a heavy-metal salt and a 
hydrochloric-acid hydroxy amine, as a reducing agent etc., it 
is very desirable, in view of environmental preservation and 
a safety aspect. Furthermore, since the mercury ion reductase 
in this invention method has high substrate specificity, it 



reacts only to Hg2+ specifically, and since the selectivity for 
every ion of other is also high, there is little active jamming 
by others and the matter. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram of the flow system in 
this invention method used in the example, 

[Drawing 2] The decrement of the NADPH concentration at the time 
of measuring minute amount mercury by the approach of this 
invention, and HgC12 It is the graph which shows relation with 
concentration- 

[Drawing 3] It is a graph showing correlation of the measured 
value of the minute amount mercury by the atomic absorption 
method which is one of the measuring methods of conventional 
minute amount mercury, and the approach of this invention. 

[Description of Notations] 



1 Sample solution 

2 Pure water 

3 The tris-sulfuric-acid buffer solution containing 

NADPH 

4 Enzyme column 

5 Flow cell 

6 Excitation light 

7 Fluorescence 

8 Bulb 

9 Pump 
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Drawing 3 




